The genes for major ribosomal RNA were localized on chromosomes 5pter-p15, 9q64-qter, and 13q38-qter of the house musk shrew, Suncus murinus (Insectivora, Soricidae) by silver staining of mitotic metaphase and meiotic pachytene spreads and fluorescence in situ hybridization using the human 28S-RNA genes as a probe to mitotic metaphase spreads. The data presented indicate a correlation between sites of in situ hybridization and silver staining. The finding of nuclear materials in mitosis was in a good agreement with observation in meiosis: same chromosomes carried active NORs in both meiotic and mitotic cells.
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INTRODUCTION
The house musk shrew, Suncus murinus, a representative of the third largest mammalian order Insectivora, is very interesting in terms of morphological and karyological evolution. Many laboratory strains and mutant stocks of the shrew derived from different localities are widely used for biomedical and genetic research (Oda et al., 1985; Ohama et al., 1993; Ohno et al., 1994) . There have been many studies analyzing karyotipic variations in the shrew by G-and C-banding methods (Yong, 1974; Obara and Miyai, 1981; Yosida, 1982; Raman and Nanda, 1986; Rogatcheva et al., 1997) . However, nothing is known about distribution of nucleolus organizing regions (NOR) on the chromosomes of the shrew.
Here we present data on the localization of genes for major ribosomal RNA (rRNA genes = rDNA) on the chromosomes of the shrew by three complementary methods; i) silver staining of mitotic metaphase cells to reveal proteins that remain concentrated at the original sites of active NORs, ii) silver staining of pachytene spermatocytes to visualize the nucleoli attached to individual bivalents, and iii) fluorescence in situ hybridization (FISH) using the human 28S-RNA genes as a probe to detect all sites of localization of major rRNA gene (rDNA) on the chromosomes.
MATERIALS AND METHODS
The shrew of KAT strain and hybrid SK stock were used in this study. The KAT strain was derived from a wild populaltion in Katmandu, Nepal (Oda et al., 1992) . It had a basic karyotype of 2n = 40 chromosome (Rogatcheva et al., 1996) . The SK stock was established by crossing individuals of the laboratory strains, Nem: KAT and Nem: SRI as described by Rogatcheva et al. (1997) . The SRI strain was derived from the shrew, originally captured in Sri Lanka (Ishikawa et al., 1989) . The shrew of the SRI strain had 30-32 chromosomes, homozygous for three Robertsonian fusion (Rb) chromosomes (8.17, 9.13, and 14.15) and either hetero-or homozygous for two Rb chromosomes (10.12 and 11.16) (Rogatcheva et al., 1997) . SK individuals being intercrossed or backcrossed with KAT individuals, were polymorphic for Rbs (0 to 9) in various combinations of chromosomes. The representatives of the 4th and 5th generations of the SK stock were used in this study.
Surface-spread preparations of primary spermatocytes of four SK males heterozygous for Rb (9.13), one SK male homozygous for Rb (9.13) and four KAT males homozygous for the twin acrocentries were made according to the methods described by Chandley (1989) , and stained with silver nitrate (Howell and Black, 1980) . Good spreads were chosen by light microscopic examination and transferred to specimen grids. At least 30 cells per animal were examined and photographed with electron microscope JEM-1250 (JEOL, Japan) at 75 kV.
Metaphase chromosomes were prepared from fibroblasts and bone marrow cells of i) two SK males homozygous for Rb (9.13), ii) two SK males heterozygous for Rb (9.13), and iii) two KAT males homozygous for the twin acrocentries. NORs were detected by silver staining technique (Howell and Black, 1980) with consequent restaining by GTG-banding method (Graphodatsky and Radjabli, 1988) . Altogether 90 cells were analyzed.
A pBR322-derived plasmid carrying a 3-kb genomic DNA fragment containing the human 28s-RNA genes was kindly provided by Dr. N. Malygin of the Institute of Bioorganic Chemistry, Novosibirsk, Russia. Fluorescence in situ hybridization (FISH) was performed as described previously (Pinkel et al., 1986) . Hybridization of a biotin-labeled probe was detected with fluorescein-conjugated avidin. Chromosomes were counterstained with propidium iodide. Photographs were taken on Kodak 400 ASA film. Slides were rinsed in PBS and restained by the GTG-banding method for detailed signal mapping.
Standard nomenclature for chromosomes of the shrew was used for reference (Rogatcheva et al., 1996) .
RESULTS AND DISCUSSION
NOR activity in cyclining cells proceeding mitosis was studied by traditional silver staining of metaphase chromosomes. Such approach allowed us to detect remnants of 'active NORs', whereas NORs are inactive in metaphase of mitosis. The presence of silver-positive nuclear proteins, remaining concentrated at the original sites of active NORs and associated with NORs during all stages of mitosis indicated the location of 'active NORs' (Schwarzacher and Wachtler, 1993) . Figure 1 shows silver-stained and GTG-restained chromosomes of the shrew homozygous for Rb (9.13) cell (2n = 38). Here silver-stained nucleolar materials (Ag-NORs) are clearly visible at the telomeric ends of the p-arm of both largest submetacentric chromosome 5 and at both telomeric ends of one of the metacentric Rb (9.13) chromosome. Its homologue did not display Ag-NORs.
In general, among the animals sudied the Ag-NORs were localized at the chromosomes 5, 9, 13, and Rb (9.13). Considerable cell-to-cell variation in number of 'active NORs' (from 1 to 6) was observed, but no other NOR-carrying chromosome was detected. There was no obvious difference between fibroblasts and bone marrow cells in number of Ag-NORs per cell.
The activity of NORs in meiosis was studied on prophase chromosomes by silver staining. Ribosomal genes are still active during prophase 1 of meiosis and nucleoli are formed around the NORs. Silver-positive material in pachytene spreads indicates the activity of ribosomal genes (Stahl et al., 1991; Schwarzacher and Wachtler, 1993) .
The localization of the NORs at both telomeres of Rb (9.13) chromosome can be unambiguously inferred from the analysis of synaptonemal complexes of the SK heterozygous males Rb (9.13)/ + (Fig. 2) . The only Robertsonian trivalent present in the cell clearly possesses nucleoli attached to its both telomeric ends. The other small straight paired bivalent with nucleolus is likely the bivalent chromosome 5. This picture was typical for all four Rb (9.13) Fig. 1 . Silver-stained (a) and GTG-restained (b) mitotic metaphase chromosomes of Suncus murinus cell homozygous for Rb (9.13). Arrows indicate Ag-NORs.
heterozygotes. In Rb (9.13) homozygous male the nucleoli were attached to both termini of one of the longest bivalent Rb (9.13) and to one end of a small bivalent 5. In the surface spreads of spermatocytes of four KAT males the nucleoli were located near the termini of two medium sized bivalents (presumably 5 and 13) and one long bivalent (presumably 9).
The Ag-NORs were almost always visible in majority of pachytene cells of the animals studied. Since no cell-tocell variation as well as variation among animals was detected, the same clusters of rDNA were observed to be transcriptionally active in all meiotic cells. The finding of nucleolar materials in mitosis was in a good agreement with the observation in meiosis; that is, active NORs were observed on the same chromosomes in both meiotic and mitotic cells. It is generally accepted that the activity of NORs in cycling cells depends on proliferate activity of cells, varies with age and sex, and is tissue specific (e. g., Berrios et al., 1992; Das et al., 1986; Ivanyi et al., 1992) . It was also shown that there are some strain specific rDNA clusters that are inactive and negative for silver staing (Kurihara et al., 1994) .
FISH was used to detect all sites of localization of rDNA clusters on the chromosomes of normal (2n = 40) and Rb (9.13)/ + heterozygous (2n = 39) cells. We found that in normal cells all metaphases had hybridiztion signals on each pair of chromosomes 5pter-p15, 9q64-qter, and 13q38-qter. In Rb (9.13)/ + heterozygotes, the signals were located at both 5pter-p15, one 9q64-qter, and one 13q38-qter, and at both telomeric ends of the Rb (9.13) chromosome (Fig.  3) . The same localization of the rDNA clusters on the chromosomes was observed by FISH as was by silver staining. No rDNA cluster negative for silver staining was observed.
Thus, clusters of rDNA seem to be distributed only within telomeric regions of chromosomes 5, 9, and 13. Further investigations are needed to prove whether there is polymorphism in distribution, number, and activity of rDNA clusters among different strains of the shrew or not. However as our data obtained from the analysis of KAT strain and SK hybrid stock indicate, the location of the NORs on at least two chromosomes (9 and 13) of three was the same in two geographically isolated and substantially diverged populations of Nepal and Sri Lanka, which were the ancestors of the KAT and SRI strains, respectively. The SRI- derived metacentric Rb (9.13) chromosome carries the NORs at the same positions as KAT-derived acrocentric chromosomes 9 and 13.
All three approaches, silver staining of metaphase chromosomes, electron microscopy of synaptonemal complexes, and FISH using the human 28S-RNA genes as a probe, revealed the same localization of the major rRNA genes at the chromosomes 5, 9, and 13. We have shown that there is perfect coincidence between the sites of in situ hybridization and of silver staining. Our data indicated that not all rDNA clusters were expressed in cycling cells proceeding mitosis, whereas all NORs in meiotic cells were active and developed nucleoli during the prophase in meiotic cells.
The results of our study provide easy detectatble cytological markers for the chromosomes 5, 9, and 13 in both mitotic and meiotic cells, which can be useful for comparative cytogenetics and biomedical studies in the house musk shrew, Suncus murinus.
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